MACHINING DIFFERENTIAL HOUSINGS 


SPECIFICATION 

FIELD OF THE INVENTION 

The present invention relates to a method of an 
apparatus for machining a coznplex workpiece. More particularly 
this invention concerns the machining of the holes and surfaces 
of a differential housing. 

BACKGROUND OF THE INVENTION 

A standard differential housing is a massive hollow 
casting that is formed with several holes of different diameters 
aligned normally on a pleuie at 90° to each other. Internally it 
has other surfaces that must be machined to perfectly planar or 
part -spherical shapes. All of this machining must be done to a 
very high precision to accommodate the various shafts and gears 
that are eventually installed in the housing. 

In the classic system for doing this, described in 
German patent document 41 42 121 of A. Baudermann the workpiece 
is moved from machining station to machining station and is 
clamped at each station as it is worked on there, typically by 
accurately boring out and grinding the holes which extend to the 
exterior and by milling interior surfaces, normally around the 
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holes* Such a method Is very slow and makes it quite difficult 
to align the various holes auid surfaces perfectly with one 
another. 

Various other methods and systems are described in 

5 WO 02/00390 of P. Modig, German patent 37 22 180 of H. Ullmemn, 
and US patent 5,781,983 of M. Grxiner. All these methods involve 
heuiding the workpiece off from one holder to another and cosvplex 
positioning systems for the workpiece and the tools working on 
it. In every system the accuracy of the relative positions of 

10 the various machined surfaces is often not satisfactory. 

Another system described in US patent 6,183,404 of K. 
Deufel employs a tool comprised of a drivable spindle and a 
cutter or grinder coupledDle to the spindle. The spindle is poked 
through a small -diameter hole in a hollow workpiece and an 

15 automated gripper can engage underneath the workpiece to fit the 
cutter/grinder to the spindle so that €ui interior surface of the 
workpiece can be finished. Such a special -duty system has only 
limited applicability and requires that the workpiece be shifted 
from station to station, in each of which it is held by a 

20 separate gripper, in order to work on other surfaces or holes in 
the workpiece. 
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OBJECTS OP THE INVENTION 


It is therefore an object of the present invention to 
provide an improved system for machining a complex workpiece such 
as a differential housing. 

Another object is the provision of such €ui improved 
system for machining a complex workpiece such as a differential 
housing which overcomes the above-given disadvauitages, that is 
which is efficient and which produces a workpiece whose machined 
surfaces are very accurately relatively positioned. 

SUMMARY OF THE INVENTION 

A grab picks up from a transfer station a hollow 
workpiece having a plurality of small-diameter throughgoing holes 
and at least one large-diameter hole and displaces the workpiece 
from the transfer station to a machining station. Thereafter, 
while the workpiece is held in the grab, a tool is engaged from 
outside with a first exterior surface of the workpiece to finish 
the first exterior surface. Then the workpiece is reoriented by 
the grab and engaged by a tool with a second exterior surface of 
the workpiece offset from the first exterior surface to finish 
the second exterior surface. Another tool is fitted through the 
large-diameter hole of the workpiece and positioned inside the 
workpiece adjacent one of the small -diameter holes and a drive 
spindle is coupled through the one small -diameter hole of the 
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workplace to the other tool to machine an inner surface o£ the 
workpiece adjacent the one small -diameter hole with the other 
tool. These steps are then repeated to finish another interior 
surface of the workpiece adjacent another of the small-diameter 

5 holes. Finally the workpiece is displaced from the machining 

station back to the transfer station and released from the grab. 

Thus with this system the workpiece can be exactly 
positioned and its surfaces, both exterior and; interior, can be 
exactly machined, it being xinderstood that the term "exterior" 

10 merely refers to a surface that extends to the exterior and that 
is readily accessible for machining purposes from the exterior. 
The tools necessary to do the interior machining are fitted into 
the workpiece with the drive spindle to ensure that these 
interior surfaces are finished automatically but to the same high 

15 degree of precision as the exterior surfaces, which can in fact 
be the generally cylindrical walls of small-diameter holes. 

According to the invention the workpiece is rotated 
about an axis through about 90^. This makes it possible to drill 
out the four coplanar but perpendicular holes of a differential 

20 housing to a very high degree of accuracy. 

According to the invention a tail stock is engaged 
through another of the small -diameter holes with the other tool 
after coupling of the other tool to the drive spindle to brace 
the other tool. In this manner the other tool is very solidly 

25 held during both sides during internal machining, something that 
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is important since normally the internal machining entails large 
surface areas that are hard to machine accurately. 

The apparatus according to the invention has a main 
slide moveable perpendicular to a rotation axis o£ the drive 
5 spindle and a carriage on the main slide that can move parallel 
to this €ixis so that the tool is rotated while the workpiece is 
moved axially, thereby ensuring high accuracy. The tailstock is 
movable axially of the drive spindle. 

BRIEF DESCRIPTION OF THE DRAWING 

10 The above and other objects, features, and advantages 

will become more readily apparent from the following description, 
reference being made to the accompanying drawing in which: 

FIG. 1 is a vertical section through a machine for 
carrying out the method of this invention; 
15 FIG. 2 is a small-scale horizontal section taken along 

line II-II of FIG. 1; 

FIGS. 3a and 3b show the boring out of two adjacent 
holes in a workpiece in a view from above; 

FIGS. 4a and 4b show the finish grinding of two 
20 adjacent holes in the workpiece in a view from cd^ove; 

FIG. 5 shows the machining of a radiused seat inside 
the workpiece; 

FIG. 6 shows the machining of a flat face inside the 

workpiece; 
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FIG. 7 shows the grah and a tool changer in somewhat 
more detail; and 

FI6. 8 is sectional view o£ the structure shown in FIG. 

7. 

5 SPECIFIC DESCRIPTION 

As seen in FIGS. 1 and 2 a drive 1 centered on a 
vertical axis 4 is carried on a cross slide or carriage 3 
displaceable on rails 7 in a horizontal direction x. These rails 
7 in turn are carried on a main slide 2 movable in a horizontal 

10 direction y perpendicular to the direction x on rails 5 carried 
on a stationary machine base 6 that extends from a conveyor 21 
past three stationary machining stations defined by spindle tool 
drives 10, 17 and 18 having parallel rotation axes extending 
horizontally parallel to the direction x. The carriage 3 carries 

15 a two-arm grab 8 capable of picking up and dropping off 

workpieces 9 from the conveyor 21 and rotatable by the drive 1 
about the axis 4. A tool changer 41 is also carried on the drive 
1 for movement along the axis 4. 

The tool drive 10 is associated with a tailstock 11 

20 displaceable on rails 12 in the direction x toward and away from 
the drive 10. The drive 18 carries a doxible boring tool 19 and 
the drive 17 carries a double grinding tool 20. The drive 10 is 
shown holding a tool 15 * , but can also be fitted with tools 15 
mounted on a tool carousel 14 and displaceable into and out of 

25 the drive 10 by a tool changer 16. The drive 10 and the 
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tailstock 11 are centered on a common axis 13 parallel to the 
direction 

The machine described above is used on a workpiece 9 
best shown in FIGS. 3a-3c, 5, 6 and 8. This workpiece 9 has a 
pair of large -diameter and aligned end bores or holes 27 and 31, 
a pair o£ small -diameter side bores or holes 29 and 30 that are 
socially aligned with each other but perpendicular to the end 
holes 27 and 31/ and a pair of large-diameter ports 35 and 43 
(FIG. 8) SLxially aligned with each other but perpendicular to the 
side and end holes 27-31. Internally the workpiece 9 needs to be 
provided with part- spherical seats 37 at the side holes 29 and 30 
and plcuiar faces 42 at the end holes 27 and 31, and the holes 27, 
29, 30, and 31, which are referred to below as "exterior" 
surfaces since they extend to the exterior of the workpiece 9, 
need to be bored out and smoothed. The workpieces 9 are 
delivered as raw castings to an input station at the end of the 
base 6 and are carried off as finished parts after the ed^ove- 
described holes 27-31 stnd surfaces 37 are machined by the same 
conveyor 21 which moves parallel to the direction x. 
This system works as follows: 

To start with as shown in FIG. 2 the main slide 2 is 
moved in direction y to position the carriage 3 above the 
conveyor 21 and the grab 8 picks up one of the workpieces 9. The 
port 35 is open downward and the axes of the holes 27-31 lie in a 
horizontal plane. 
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Then as shown in FIG. 3a the main slide 2 moves back 
oppositely in the direction y to align the large-diameter hole 27 
with the tool 19. The carriage 3 is shifted in the direction x 
while the tool 19 is rotated about its horizontal axis so that a 
5 large-diameter cutter 26 on the tool 19 can bore out and true 
this hole 27. 

The carriage 3 is backed off and as shown in FIG. 3b 
the drive 1 rotates the grab 8 and the workpiece 9 through 90^ 
about the vertical socis 4 to align the small -diameter hole 29 
10 with the tool 19 and the carriage 3 is again shifted in the 

direction x while the tool 19 is rotated so that a small -diameter 
cutter 28 at the end of the tool 19 can bore out and true this 
hole 29. 

These last two steps are repeated for the holes 31 and 

15 30. 

Then as shown in FIG. 4a the main slide 2 is advanced 
again in the direction y to align the hole 27 with the tool 20. 
The carriage 3 is shifted in the direction x while the tool 20 is 
rotated so that a large -diameter grinder 33 on the tool 20 can 

20 smooth this hole 27. 

The carriage 3 is backed off and as shown in FIG. 4b 
the drive 1 rotates the grah 8 and the workpiece 9 through 90^ 
about the vertical axis 4 to align the small -diameter hole 29 
with the tool 20 and the carriage 3 is again shifted in the 

25 direction x while the tool 20 is rotated so that a small -diameter 
grinder 34 at the end of the tool 20 can smooth this hole 29. 
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These last two steps are repeated for the holes 31 and 

30. 

Then according to the invention the main slide 2 is 
advanced again in the direction y to align the hole 29 with the 

5 spindle 10 and the hole 30 with the tailstock 11. The tool 

chatnger 16 (FIG. 2) then picks a tool 15 out o£ the carousel 14, 
fits it through the large-diameter hole or port 35, and couples 
its shaft 36 through the hole 29 with the spindle 10. The tool 
changer 41 reaches down through the port 43 and cooperates with 

10 the changer 16 to hold the tool 15 in position, that is aligned 
with the axis of the shaft 36, and in fact this tool changer 41 
can reach down clear through both ports 35 and 43 of the 
workpiece 9 to pick up a tool 15 below it. 

Then as shown in FIG. 5 the tailstock 11 is adveuiced in 

15 the direction x to engage its centering rod 39 through the hole 
30 with a recess 40 in the end of the tool 15. The changers 16 
and/or 41 release the tool 15, the drive 10 is started, and the 
workpiece 9 is shifted away from the drive 10 to machine a part- 
spherical seat 37 in the interior of the workpiece 9 around the 

20 hole 29, then it is oppositely shifted to form another such seat 
37 around the hole 30. The tailstock 11 is withdrawn and the 
tool 15 is withdrawn by the cheuiger 16 from the port 35. 

Then as shown in FIGS. 6, 7, and 8 the grab 8 rotates 
the workpiece 9 through 90^ emd the step described immediately 

25 above is repeated with a larger facing tool 15 ' to form planar 
faces 38 inside the workpiece at the holes 27 and 31. 
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During the entire operation the workpiece 9 is solidly 
gripped by the grab 8 so that it Ceui be exactly positioned €tnd 
the various machining operations can be carried out very 
precisely. 
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